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Description 



[DIGITAL DC BIAS ESTIMATION 
APPARATUS AND METHOD] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92108894, filed on April 17, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a DC bias estimation ap- 
paratus and a method thereof, and more particularly, to a 
digital DC bias estimation apparatus and a method 
thereof. 

[0004] Description of Related Art 

[0005] a DC bias generated after frequency discriminated which 
is resulted from a frequency deviation between a sending 
side and a receiving side exists in a wireless communica- 
tion environment that uses frequency modulation. There- 
fore, in order to demodulate the signal correctly, a DC 



bias in the signal has to be estimated and removed from 
the signal. 

[0006] | n the currently used DC bias estimation technique, a 

backend controller is generally used to control an analog 
integrator or a digital accumulator, so as to estimate the 
DC bias it contains based on the preamble bits. However, 
a severe defect exists in such configuration. For example, 
the backend controller has to fulfill the basic requirement 
of the frame synchronization, so as to understand the po- 
sition of each filed. Further, the preamble bits must be 
long enough, so that it has enough number of the re- 
ceived bits for averaging, so as to accurately estimate the 
DC bias it contains. Finally, the backend controller also 
needs the capability for immediately stopping the estima- 
tion operation when it has to be stopped, so as to avoid 
loss of physical data bits caused by the erroneous estima- 
tion of the DC bias resulting from erroneously mixing up 
the physical data bits into the DC bias estimation. 

[0007] Therefore, the smoothly performing DC bias estimation 
method mentioned above is obviously built on the 
premise that the preamble bits must be long enough and 
the DC bias should be estimated before the physical data 
bit is received. In order to satisfy such a premise, most of 



the currently used systems requiring the DC bias calibra- 
tion obviously need a long enough preamble filed for per- 
forming the DC bias estimation. 

[0008] since the preamble bits are long enough, the DC bias esti- 
mation method used in the prior art can proceed even af- 
ter the starting point of the preamble bits, instead it has 
to concentrate on the ending point of the preamble bits, 
so as to avoid the error occurred in the DC bias estimation 
and reduce the possibility of losing the physical data bits. 

[0009] However, if the DC bias estimation is performed by only 
using a short preamble field, the DC bias estimation has 
to start at the same time as the preamble bits are re- 
ceived. This means that whether the preamble bit arrives 
or not must be determined before achieving frame syn- 
chronization. One of these two major premises mentioned 
above has to be satisfied, otherwise, it will be very difficult 
to perform the DC bias estimation. One of the methods is 
to identify the boundary of each bit according to the du- 
ration of each received bit period, so as to identify the 
preamble bit pattern under the premise that the DC bias is 
not too large to cause the lose of the zero crossing of the 
received signal preventing from the identification. How- 
ever, its application is significantly limited by such 



premise, and thus it is not suitable for the system having 
a larger frequency deviation (so that has a larger DC- 
offset) between the sending side and the receiving side. 
Optionally, under the premise that the preamble bits have 
good auto-correlation, the correlation between the re- 
ceived bit pattern and the preamble pattern is calculated, 
so as to identify the preamble bits. 
[0010] Unfortunately, in the bluetooth technique that has gradu- 
ally become one of the most popular communication 
techniques, the preamble bits defined by its communica- 
tion protocol only have 4 bits, the frequency deviation be- 
tween the sending side and the receiving side is relatively 
large, and the 4-bit preamble bits do not have a good 
auto-correlation characteristic. The bits subsequent to the 
preamble bits are the access codes which are for the 
back-end controller to achieve frame synchronization but 
are not known by the front-end. Therefore, when the 
preamble bits are very short and the frame synchroniza- 
tion operation cannot be performed in advance in the 
front-end, the DC bias estimation method used in the 
prior art obviously cannot be applied in the bluetooth 
field. Further, the waveform of the bluetooth signal is eas- 
ily distorted by the noise and the interference. Further- 



more, the preamble bits defined by the bluetooth commu- 
nication protocol do not have a good auto-correlation 
characteristic. 

[° 011 ] In summary, for the signal whose preamble bits are sig- 
nificantly reduced (especially for the bluetooth signal), it is 
hard for the front-end to use the DC bias estimation 
method commonly used in the prior art to immediately 
perform the DC bias estimation when the preamble bit 
just arrives, and hard to complete the DC bias estimation 
before the physical received signal is received. Further, 
the bluetooth signal is easily ruined by the noise and the 
interference and causes signal distortion during the wire- 
less communication. The fact that the access code is sub- 
sequent to the preamble bits which have good auto- 
correlation but the front-end have no way to know in ad- 
vance makes those two conventional techniques, in which 
the DC bias estimation immediately starts when the 
preamble bit just arrives, difficult to apply to such signal. 
Summary of Invention 

[0012] | t j S an object of the present invention to provide a digital 
DC bias estimation apparatus and a method thereof. The 
preamble bits can be directly identified so as to perform 
the DC bias estimation according to the preamble bits 



without having to wait for the backend controller to com- 
plete its frame synchronization. 

[0013] it is a further object of the present invention to provide a 
digital DC bias estimation apparatus and a method thereof 
for providing a very good DC bias estimation in the case 
of a very short preamble bit field, which is similar to the 
bluetooth signal. 

[0014] | n order to achieve the objects mentioned above and oth- 
ers, the present invention provides a digital DC bias esti- 
mation apparatus suitable for estimating a DC bias of a 
received signal obtained from a packet after it is received 
and sampled. The digital DC bias estimation apparatus 
comprises a symbol boundary detection unit, a preamble 
pattern identification enabling unit, a preamble pattern 
identification unit, and a bias calculation unit. The symbol 
boundary detection unit differentiates the received signal 
to obtain a differential curve, slices the differential curve 
into a binary comparison base signal by assigning a start- 
ing point on a region beyond a transition setting thresh- 
old range in the differential curve as a transition point, 
and emits a boundary signal when a transition is occurred. 
The preamble pattern identification unit enables the unit 
to count the sampling number between two contiguous 



boundary signals, and the counted sampling number is 
reset to zero each time the boundary signal occurs. When 
the counted sampling number is within an allowable range 
before it is reset to zero, the preamble pattern identifica- 
tion unit enables the unit to issue a preamble pattern 
storing signal. The preamble pattern identification unit 
obtains a pattern of the sliced binary comparison base 
signal from the comparison base signal during a corre- 
sponding period according to the preamble pattern stor- 
ing signal, compares the pattern of the continuously ob- 
tained sliced binary comparison base signals with a pre- 
defined preamble pattern, and issues a matching signal 
when the pattern of the continuously obtained sliced bi- 
nary comparison base signals matches the predefined 
preamble pattern. The bias calculation unit outputs an av- 
erage potential of peaks of the received signals between 
two contiguous boundary signals at the same time when 
the preamble pattern identification unit issues the match- 
ing signal, wherein the pattern of the sliced binary com- 
parison base signal matches the predefined preamble pat- 
tern and are received before the matching signal is oc- 
curred. 

[0015] | n accordance with a preferred embodiment of the present 



invention, the symbol boundary detection unit further 
comprises a noise eliminator, a distortion alleviator, a 
slicer, and a transition detector. The noise eliminator av- 
erages a plurality of contiguous curve values in the differ- 
ential curve, so as to obtain and to output an averaged 
differential curve. The distortion alleviator outputs the 
original value of the averaged differential curve when the 
averaged differential curve mentioned above is beyond the 
transition setting threshold range, and outputs a previ- 
ously output value when the averaged differential curve 
mentioned above is within the transition setting threshold 
range. The slicer slices a distortion-alleviated signal to 
generate a sliced binary comparison base signal men- 
tioned above. The transition detector outputs the bound- 
ary signal mentioned above when the comparison base 
signal transition occurs. 
[0016] | n accordance with the other preferred embodiment of the 
present invention, the preamble pattern identification en- 
abling unit mentioned above further comprises a first 
counter and an AND gate. The first counter counts the 
sampling number between two contiguous boundary sig- 
nals, resets the sampling number to zero and outputs a 
counting zero signal each time the boundary signal oc- 



curs. Further, when the counted sampling number is 
within an allowable range before it is reset to zero, the 
first counter issues a bit-enabling signal meaning a 
proper bit period so as to filter the glitch generated by the 
distortion in the differential curve and the period that is 
too long and not receiving any signal. After the counting 
zero signal, the bit enabling signal, and the boundary sig- 
nal are input to it, the AND gate operates these signals 
and outputs the preamble pattern storing signal men- 
tioned above. 

[0017] | n another preferred embodiment of the present inven- 
tion, besides having the first counter and the AND gate, 
the preamble pattern identification enabling unit men- 
tioned above further comprises a second counter. The 
second counter counts the number of the boundary sig- 
nals, and enables the AND gate for operating it after the 
number of the boundary signals reaches a predetermined 
number, so as to filter the level deviation generated by 
differentiating the received signals whose waveform is 
first time transformed from null. 

[0018] | n another preferred embodiment of the present inven- 
tion, the preamble pattern identification unit mentioned 
above further comprises a shift register and a pattern 



matching unit. The shift register stores the sliced binary 
comparison base signals record by record according to 
the preamble pattern storing signal mentioned above. The 
pattern matching unit electrically couples to the shift reg- 
ister so as to compare the data stored in the shift register 
with the predefined preamble pattern. 

[0019] | n another preferred embodiment of the present inven- 
tion, the bias calculation unit mentioned above further 
comprises a first shift register and a bias estimation unit. 
The first shift register stores and outputs the received 
signals record by record according to the preamble pat- 
tern storing signal. The bias estimation unit electrically 
couples to the first shift register, and obtains and 
searches for peaks of the received signals stored by the 
first shift register according to the matching signal men- 
tioned above, and further calculates its average value so 
as to obtain the estimated DC bias mentioned above. 

[0020] | n another preferred embodiment of the present inven- 
tion, besides having the first shift register and the bias 
estimation unit, the bias calculation unit mentioned above 
further comprises a peak searching unit. The peak search- 
ing unit electrically couples to the first shift register, and 
obtains and outputs the peak of the received signals 



stored by the first shift register after the previous time of 
the preamble pattern storing signal enabling the first shift 
register and before the current time of the preamble pat- 
tern storing signal enabling the first shift register accord- 
ing to the continuous preamble pattern storing signals. In 
the present preferred embodiment, the bias estimation 
unit calculates an average value of a plurality of peaks in 
the received signals corresponding to the comparison 
base signal and matching the predefined preamble pat- 
tern, so as to obtain the estimated DC bias. 

[0021] Further, according to another preferred embodiment of 
the present invention, besides having the first shift regis- 
ter, the bias estimation unit, and the peak searching unit 
mentioned above, the bias calculation unit further com- 
prises a second shift register. The second shift register is 
electrically coupled to the peak searching unit, and stores 
the peaks output from the peak searching unit record by 
record according to the preamble pattern storing signal. 

[0022] Further, in order to accurately estimate DC bias and in ac- 
cordance with a preferred embodiment of the present in- 
vention, besides having the symbol boundary detection 
unit, the preamble pattern identification enabling unit, the 
preamble pattern identification unit, and the bias calcula- 



tion unit, the digital DC bias estimation apparatus pro- 
vided by the present invention further comprises a corre- 
lation unit and a trailer bias estimation unit. The correla- 
tion unit subtracts the estimated DC bias, which is previ- 
ously obtained by estimating the preamble bit filed, from 
the received signal mentioned above, so as to obtain a set 
of bias-reduced received signals. The set of bias-reduced 
received signals is then correlatively operated with a cer- 
tain predefined correlation signal, and outputs a trailer bit 
enabling signal when the value obtained from the correla- 
tion operation is beyond a set of trailer setting threshold 
ranges. The trailer bias estimation unit calculates an aver- 
age value of the trailer bit received signal sampling points 
according to the trailer bit enabling signal, and outputs 
the calculation result as a trailer DC bias. 
[0023] Further, the present invention further provides a digital 

DC bias estimation method for estimating a DC bias of the 
received signal obtained from sampling the received 
packet. The digital DC bias estimation method first differ- 
entiates the received signal to obtain a differential curve, 
and then slices the differential curve into a binary com- 
parison base signal by assigning a starting point on a re- 
gion beyond a transition setting threshold range in the 



differential curve as a transition point, and generates a 
boundary signal when a transition is occurred. The 
method then counts the sampling number between two 
contiguous boundary signals, and the counted sampling 
number is reset to zero each time when the boundary sig- 
nal is occurred. When the counted sampling number is 
within a certain allowable range before the counted sam- 
pling number is reset to zero, the method issues a pream- 
ble pattern storing signal. Then, the method obtains a 
sliced binary comparison base signal according to the 
preamble pattern storing signal, compares the pattern of 
the continuously obtained sliced binary comparison base 
signals with a certain predefined preamble pattern, and 
issues a matching signal when the pattern of the continu- 
ously obtained sliced binary comparison base signals 
matches the predefined preamble pattern. Finally, the 
method outputs an average potential of peaks for each bit 
filed of the continuously received signals corresponding to 
the comparison base signal, which matches the prede- 
fined preamble pattern, as the estimated DC bias. 
[0024] | n a preferred embodiment of the present invention, the 
digital DC bias estimation method mentioned above fur- 
ther subtracts the estimatedDC bias, which is estimated 



from the preamble bit filed, from the received signal so as 
to obtain a set of bias-reduced received signals. Then, the 
set of bias-reduced received signals is correlatively oper- 
ated with a set of predefined correlation signals after it is 
sliced by the slicer, and outputs a trailer bit enabled signal 
when the value obtained from the correlation operation is 
beyond a certain trailer setting threshold range. Finally, 
the trailer bias estimation unit calculates an average value 
of the received signals corresponding the trailer bits, 
which have been previously synchronized and are sam- 
pled, and outputs the calculation result as a trailer DC 
bias. 

[0025] The present invention uses the curve obtained from dif- 
ferentiating the received signal cooperating with other 
mechanism to determine whether the received signals are 
the preamble bits or not. The impact of the zero crossing 
from the DC bias is totally eliminated after it is differenti- 
ated. Therefore, it is much easier to know the variance of 
each bit potential it receives. Thus, the present invention 
can quickly know the coming of the preamble bits, and 
obtain the estimated DC bias via the preamble bits that 
are quickly obtained. Further, if it is intended to obtain a 
more accurate DC bias when using the bluetooth commu- 



nication, subsequent trailer fields should be obtained ac- 
cording to the result obtained from the auto-correlation 
operation, and a more accurate DC bias is further ob- 
tained according to the trailer fields. 
Brief Description of Drawings 

[0026] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and to- 
gether with the description, serve to explain the principles 
of the invention. 

[0027] FIG. 1 schematically shows a circuit block diagram of a 

preferred embodiment according to the present invention. 

[0028] FIG. 2A schematically shows a circuit block diagram of a 
symbol boundary detection unit shown in FIG. 1 of a pre- 
ferred embodiment according to the present invention. 

[0029] FIG. 2B schematically shows a comparison diagram for il- 
lustrating the relationship between the averaged differen- 
tial curve and the distortion alleviating signal. 

[0030] FIG. 2C schematically shows a circuit block diagram of a 
symbol boundary detection unit of the other preferred 
embodiment according to the present invention. 

[0031] FIG. 3A schematically shows a circuit block diagram of a 



preamble pattern identification enable unit of a preferred 
embodiment according to the present invention. 

[0032] FIG. 3B schematically shows a circuit block diagram of a 
preamble pattern identification enabling unit of the other 
preferred embodiment according to the present invention. 

[0033] FIG. 4 schematically shows a circuit block diagram of a 
preamble pattern identification unit shown in FIG. 1 of a 
preferred embodiment according to the present invention. 

[0034] FIG. 5A schematically shows a circuit block diagram of a 
bias calculation unit shown in FIG. 1 of a preferred em- 
bodiment according to the present invention. 

[0035] FIG. 5B schematically shows a circuit block diagram of a 

bias calculation unit shown in FIG. 1 of the other preferred 
embodiment according to the present invention. 

[0036] FIG. 6 schematically shows a circuit block diagram for es- 
timating the part of signals that have high correlation of a 
preferred embodiment according to the present invention. 

[0037] FIG. 7 schematically shows a flow chart of a preferred em- 
bodiment according to the present invention. 
Detailed Description 

[0038] FIG. 1 schematically shows a circuit block diagram of a 

preferred embodiment according to the present invention. 
In the present embodiment, the digital DC bias estimation 



apparatus 10 comprises a symbol boundary detection unit 
100, a preamble pattern identification enabling unit 110, 
a preamble pattern identification unit 120, and a bias cal- 
culation unit 130. The digital DC bias estimation appara- 
tus 10 estimates a DC bias in the received signal rxi ob- 
tained from sampling the received packet. 

[0039] According to the present invention, the symbol boundary 
detection unit 100 first differentiates the received signal 
rxi to obtain a corresponding differential curve, and then 
slices the differential curve into a set of corresponding bi- 
nary comparison base signals by assigning a starting 
point on a region beyond a transition setting threshold 
range in the differential curve as a transition point. Fur- 
ther, the symbol boundary detection unit 100 outputs a 
boundary signal Pedge when a transition is occurred. 

[0040] Further, the preamble pattern identification enabling unit 
110 electrically couples to the symbol boundary detection 
unit 100 for receiving the boundary signal Pedge output 
from the symbol boundary detection unit 100, and counts 
the sampling number between two contiguous boundary 
signals Pedge. In other words, the counted sampling 
number is reset to zero each time the boundary signal 
Pedge occurs, and is gradually increased depending on 



the sampling frequency before next boundary signal 
Pedge occurs. Finally, the preamble pattern identification 
enabling unit 110 outputs a preamble pattern storing sig- 
nal Pmatch.EN when the counted sampling number is 
within a certain allowable range before it is reset to zero. 
[0041] The preamble pattern storing signal Pmatch.EN output by 
the preamble pattern identification enabling unit 110 is 
sent to the preamble pattern identification unit 120. The 
preamble pattern identification unit 120 obtains a sliced 
binary comparison base signal rxLd iff according to the 
preamble pattern storing signal Pmatch_EN. In other 
words, it is assumed that the preamble pattern identifica- 
tion enabling unit 110 issues a high potential pulse as the 
preamble pattern storing signal Pmatch.EN mentioned 
above when the counted sampling number is within a cer- 
tain allowable range before it is reset to zero. The pream- 
ble pattern identification unit 120 compares a pattern, 
which is formed by its stored continuous sliced binary 
comparison base signals, with a predefined preamble pat- 
tern each time when a high potential pulse appears in the 
preamble pattern storing signal Pmatch.EN, and issues a 
matching signal Preamble.EN when the pattern of the 
sliced binary comparison base signals matches the prede- 



fined preamble pattern. After receiving the matching sig- 
nal Preamble.EN, the bias calculation unit 130 outputs an 
average potential of peaks of the received signals rxi be- 
tween the successive high potential pulse of the current 
preamble pattern storing signal Pmatch.EN corresponding 
to each bit of the sliced binary comparison base signal 
rxLdiff that matches the predefined preamble pattern as 
the estimated DC bias. 

[0042] For one of the ordinary skill in the art having a better un- 
derstanding of the technique used in the present inven- 
tion, more detail diagrams are provided hereinafter for 
describing the embodiments of the circuit configuration 
used in each element as shown in FIG. 1 mentioned above. 

[0043] FIG. 2A schematically shows a circuit block diagram of a 
symbol boundary detection unit 100 shown in FIG. 1 of a 
preferred embodiment according to the present invention. 
In the present embodiment, the symbol boundary detec- 
tion unit 100 comprises a noise eliminator 200, a distor- 
tion alleviator 210, a slicer 220, and a transition detector 
230. The noise eliminator 200 differentiates the received 
signal rxi to obtain a corresponding differential curve, and 
averages a plurality of contiguous curve values in the dif- 
ferential curve, so as to output a set of averaged differen- 



tial curves. The distortion alleviator 210 outputs the origi- 
nal value of the averaged differential curve when the aver- 
aged differential curve is beyond the transition setting 
threshold range, and outputs a previously output value 
when the averaged differential curve is within the transi- 
tion setting threshold range. Thus, the distortion allevia- 
tor 210 converts the original average differential curve 
into a corresponding set of the distortion alleviated sig- 
nals. 

[0044] The operation of the distortion alleviator 210 mentioned 
above is described in detail hereinafter with referring to 
FIG. 2B, which schematically shows a correlation between 
the average differential curve and the distortion alleviated 
signal. Wherein, a range between +a and a is the transi- 
tion setting threshold range mentioned above, and the 
initial value of the distortion alleviated signal is assumed 
to be 0. 

[0045] | t j S known from FIG. 2B that the averaged differential 

curve from time point 0 to tl is within the transition set- 
ting threshold range, thus the distortion alleviated signal 
is kept as a previously output value from time point 0 to 
tl, i.e. kept as the initial value 0. Then, from time point tl 
to t2, since the averaged differential curve is beyond the 



transition setting threshold range, part of the correspond- 
ing distortion alleviated signals are relatively changed ac- 
cording to the value of the average differential curve. Sim- 
ilar situation also appears in the durations from time point 
t3 to t4, t5 to t6, and t7 to t8. 

[0046] Then from time point t2 to t3, since the averaged differ- 
ential curve entering into the transition setting threshold 
range starts from time point t2, and exits the transition 
setting threshold range at time point t3. The distortion al- 
leviated signal is relatively fixed on a value that first ex- 
ceeds the transition setting threshold range during this 
period, i.e. the +a appeared on the time point t2. At time 
point t3, since the averaged differential curve is divorced 
from the transition setting threshold range starting from 
a, the distortion alleviated signal is also changed from +a 
to a instantly, and a corresponding variance according to 
the value of the averaged differential curve exceeding the 
transition setting threshold range is further generated. 
Similar situation also appears in the durations from time 
point t4 to t5, and t6 to t7. 

[0047] Referring to FIG. 2A, after the distortion alleviated signal 
is obtained by the distortion alleviator 210 from the oper- 
ation mentioned above, the slicer 220 slices the distortion 



alleviated signal into a corresponding sliced binary com- 
parison base signal rxLdiff, and outputs the sliced binary 
comparison base signal rxLdiff to the subsequent transi- 
tion detector 230 and the preamble pattern identification 
unit 120. The transition detector 230 then outputs a 
boundary signal Pedge when a transition of the received 
sliced binary comparison base signal rxLdiff occurs. 
[0048] FIG. 2C schematically shows a circuit block diagram of a 
symbol boundary detection unit of the other preferred 
embodiment according to the present invention. In the 
present embodiment, the noise eliminator 200 comprises 
a differential element 202 and a moving average element 
204, and the distortion alleviator 210 comprises an abso- 
lute value converter 212, a comparator 214, and a latch 
216. The received signal rxi is first sent to the differential 
element 202 for performing a differential operation, the 
differential curve obtained from the differential operation 
is further sent to the moving average element 204, so as 
to obtain a flatter averaged differential curve from a plu- 
rality of contiguous values in the averaged differential 
curve. Then, the values included in the averaged differen- 
tial curve are sent to the latch 216 and the absolute value 
converter 212 simultaneously. After converted by the ab- 



solute value converter 212, the values originally included 
in the averaged differential curve are converted into a 
value of greater than or equal to 0, and the converted 
value is then compared with a threshold value thrld, i.e. 
the +a in FIG. 2B mentioned above. 

[0049] when the comparison result of the comparator 2 14 indi- 
cates the converted value is greater than or equal to the 
threshold value, the signal output from the comparator 
214 enables the latch 216 and latches the value in the 
corresponding averaged differential curve as the distor- 
tion alleviated signal, which is then output to the slicer 
220. Contrarily, when the comparison result of the com- 
parator 214 indicates the converted value is smaller than 
the threshold value, the signal output from the compara- 
tor 214 disables the latch 216, thus the value in the cor- 
responding average differential curve is not output to the 
slicer 220. Instead, in such case the value previously 
latched in the latch 216 is output to the slicer 200 and 
becomes a part of the distortion alleviated signal again. 
The operation of the slicer 220 and the transition detector 
230 are described in detail in the explanation of FIG. 2A 
above, therefore it is omitted herein. 

[0050] FIG. 3A schematically shows a circuit block diagram of a 



preamble pattern identification enabling unit of a pre- 
ferred embodiment according to the present invention. In 
FIG. 3A, the preamble pattern identification enabling unit 
110a comprises a counter 300 and an AND gate 310a. 
The counter 300 counts the sampling number between 
two contiguous boundary signals Pedge, resets the sam- 
pling number to zero and outputs a counting zero signal 
Pt.scnt [0] each time when the boundary signal Pedge oc- 
curs. Further, the counter 300 issues a bit enabling signal 
Isbit when the sampling number is still within a certain al- 
lowable range. The counting zero signal Pt_scnt [0], the 
bit enabling signal Isbit, and the boundary signal Pedge 
mentioned above are input into the AND gate 310a, and 
the AND gate 310a operates these signals and outputs the 
preamble pattern storing signal Pmatch.EN mentioned 
above. 

[0051] | n order to achieve the effect mentioned above, the 
counter 300 of the present embodiment comprises a 
counting element 302 and a determining element 304. 
The counting element 302 increases the sampling number 
Pt.scnt [n:0] one by one by using the sampling frequency 
Fs as its operating frequency, and uses the boundary sig- 
nal Pedge as a trigger signal for triggering and resetting 



its counting value. Besides this, the counting element 302 
outputs the counting number Pt.scnt [n:0] to the deter- 
mining element 304. Besides outputting the counting zero 
signal Pt.scnt [0] to the AND gate 310a when the counting 
value is down to 0, the determining element 304 also cor- 
respondingly adjusts the potential of the bit enabling sig- 
nal Isbit based on whether the counting value is within a 
certain allowable range or not. Finally, the AND gate 310a 
determines the potential of its output preamble pattern 
storing signal Pmatch_EN according to the counting zero 
signal Pt.scnt [0] and the bit enabling signal Isbit gener- 
ated by the counter. 
[0052] Further, the preamble pattern identification enabling unit 
110 shown in FIG. 1 also can be implemented by using 
other circuit configuration. For example, FIG. 3B schemat- 
ically shows a circuit block diagram of a preamble pattern 
identification enabling unit of the other preferred embod- 
iment according to the present invention. Besides having 
the basic counter 300 and the AND gate 310b, the pream- 
ble pattern identification enable unit further comprises a 
counter 320. The counter 320 counts the number of the 
boundary signal Pedge, and outputs its output signal 
Pdc_EN to the AND gate 310b as the other input signal of 



the AND gate 310b. The counter 320 raises the potential 
of the output signal Pdc_EN of the counter 320 to logic "1" 
only whenever the number of the boundary signal Pedge 
is greater than a predetermined value. Therefore, part of 
the noise received before the physical received signal ar- 
rives can be eliminated. 
[0053] FIG. 4 schematically shows a circuit block diagram of a 
preamble pattern identification unit 120 in the digital DC 
bias estimation apparatus 10 shown in FIG. 1 of a pre- 
ferred embodiment according to the present invention. In 
the present embodiment, the preamble pattern identifica- 
tion unit 120 comprises a shift register 400 and a pattern 
matching unit 410. In the case that the preamble pattern 
storing signal Pmatch.EN enables the shift register 400, 
the shift register 400 receives and stores the sliced binary 
comparison base signals rxLdiff generated by the symbol 
boundary detection unit 100 mentioned above, and out- 
puts the original saved data after it has been shifted for 
one unit. Contrarily, if the potential of the preamble pat- 
tern storing signal Pmatch_EN cannot enable the shift reg- 
ister 400, the sliced binary comparison base signal rxLdiff 
is not stored into the shift register 400, thus the data 
originally stored in the shift register 400 is not changed. 



When the period between the current time of the pream- 
ble pattern storing signal Pmatch.EN enabling the shift 
register and the previous time of the preamble pattern 
storing signal Pmatch.EN enabling the shift register ex- 
ceeds a certain time threshold set in advance, the data 
originally stored in the shift register 400 are all cleared, 
so as to prevent the miss-determining problem due to the 
non-continuously stored data pattern happened to match 
the predefined preamble pattern from happening. 
[0054] The pattern matching unit 410 electrically couples to the 
output of the shift register 400, so as to compare and de- 
termine whether the pattern of the data stored in the shift 
register 400 matches the predefined preamble pattern or 
not. If the comparison result indicates that the pattern of 
the data stored in the shift register 400 matches the pre- 
defined preamble pattern, the pattern matching unit 410 
converts the potential of its output signal, i.e. the poten- 
tial of the matching signal Preamble.EN mentioned above, 
into a predefined logic (may be a logic "0" or a logic "1), 
so as to indicate that the preamble pattern is contained in 
the received signal. The predefined preamble pattern can 
be either built in the pattern matching unit 410 or input 
into the pattern matching 410 from outside. 



[0055] FIG. 5A schematically shows a circuit block diagram of a 
bias calculation unit 130 in the digital DC bias estimation 
apparatus 10 shown in FIG. 1 of a preferred embodiment 
according to the present invention. In the present embod- 
iment, the bias estimation unit 130a comprises a shift 
register 500 and a bias estimation unit 510. The shift reg- 
ister 500 determines whether to perform the operation or 
not according to the preamble pattern storing signal 
Pmatch_EN generated by the preamble pattern identifica- 
tion enabling unit 110 mentioned above. When the 
preamble pattern storing signal Pmatch_EN is able to en- 
able the shift register 500, the shift register 500 starts to 
store and output the received signal rxi mentioned above 
record by record. The bias estimation unit 510 electrically 
couples to the output of the shift register 500, so as to 
obtain the data stored in the shift register 500 according 
to the potential of the matching signal Preamble.EN, and 
to output an average value as the estimated DC bias Pdc 
after calculating the average potential of the data. 

[0056] However, under normal situation, since there are a lot of 
the sampling points for sampling signals, a relatively great 
number of the operations need to be performed in the 
bias estimation unit 510. In order to reduce the number of 



the operations performed in the bias estimation unit, a 
certain level sampling can be performed on the data be- 
tween the bias estimation unit 510 and the shift register 
500. For example, FIG. 5B schematically shows a circuit 
block diagram of a bias calculation unit of the other pre- 
ferred embodiment according to the present invention. In 
the present embodiment, the bias calculation unit 130b 
comprises two shift registers 520 and 540, a peak search- 
ing unit 530, and a bias estimation unit 550. The shift 
registers 520 and 540 and the peak searching unit 530 all 
use the preamble pattern storing signal Pmatch_EN men- 
tioned above as their enable signals, and the bias estima- 
tion unit 550 uses the matching signal Preamble.EN as its 
enabling signal. 
[° 057 ] Similarly, when the preamble pattern storing signal 

Pmatch.EN is able to enable the shift register 520, the 
shift register 520 starts to store and output the received 
signals rxi mentioned above record by record. The peak 
searching unit 530 electrically couples to the output of the 
shift register 520, so as to search and obtain a peak of the 
data received by the shift register 520 according to the 
preamble pattern storing signal Pmatch.EN during a pe- 
riod from the previous time of the preamble pattern stor- 



ing signal Pmatch_EN enabling the shift register to the 
current time of the preamble pattern storing signal 
Pmatch.EN enabling the shift register, and to output the 
peak. When the shift register 540 is enabled by the 
preamble pattern storing signal Pmatch.EN, the peak is 
obtained from the output of the peak searching unit 530 
and stored in a manner of shifted register. Finally, the bias 
estimation unit 550 obtains the peak data stored by the 
shift register 540 according to the potential of the match- 
ing signal Preamble_EN, and outputs an average value as 
the estimated DC bias Pdc after calculating the potential 
average value of the peak data. 

[0058] | n the present embodiment, even each bit period of the 

received signal in the preamble bit pattern only provides a 
peak to reduce the amount of the calculation in the bias 
estimation unit 550, those who are skilled in the related 
art can adjust the amount of data provided to the bias es- 
timation unit or modify the condition used for data sam- 
pling based on the physical condition. 

[0059] According to the circuit configuration mentioned above, 
the present invention can easily determine whether the 
received signals are the preamble bits or not according to 
the curve obtained by differentiating the received signal. 



Since the zero crossing impact due to the DC bias is to- 
tally eliminated after it is differentiated, the potential vari- 
ance of each received bit is much easier to be acknowl- 
edged. Therefore, it is much faster to know the coming of 
the preamble bit, and much faster to obtain the estimated 
DC bias via the preamble bits. 

[0060] Besides this, if the received signal is a trailer filed signal 
which together with barker code bits right before the 
trailer bits has the high auto-correlation characteristic , 
such as the bluetooth signal, this partial signal having the 
high auto-correlation can be further used to obtain a 
more accurate DC bias. 

[0061] | n order to achieve the object mentioned above, the 

present invention further provides an extra circuit config- 
uration. FIG. 6 schematically shows a circuit block diagram 
for estimating which part of the signals have high correla- 
tion of a preferred embodiment according to the present 
invention. The present embodiment comprises a correla- 
tion unit 60 and a trailer bias estimation unit 62. The cor- 
relation unit 60 subtracts the estimated DC bias Pdc pre- 
viously obtained by estimating the preamble bit filed, 
from the received signal rxi, so as to obtain a set of bias- 
reduced received signals rxLPdc. The set of bias-reduced 



received signals rxLPdc is then correlatively operated with 
a set of predefined correlation signals after it is sliced by 
the slicer to form a binary signal, and outputs a trailer bit 
enabling signal Trailer.EN or adjusts the potential of the 
trailer bit enabling signal Trailer.EN when the value ob- 
tained from the correlation operation is beyond a certain 
trailer setting threshold range. The trailer bias estimation 
unit 62 calculates an average value of the received signal 
rxi on the sampling point corresponding to the trailer bit 
according to the trailer bit enabling signal Trailer_EN, and 
outputs the calculation result as a trailer DC bias Tdc. 
[0062] FIG. 6 further shows a preferred embodiment of a circuit 
block for implementing the circuit function mentioned 
above. The correlation unit 60 comprises a subtractor 
602, a slicer 604, a correlation calculating element 606, 
an absolute value converter 608, and a comparator 610. 
In the present embodiment, after the received signal rxi 
and the estimated DC bias Pdc previously estimated from 
the preamble bit field are input into the subtractor 602, a 
corresponding bias-reduced received signal rxLPdc is ob- 
tained from the subtraction operation of the subtractor 
602. After being sliced and forming a square wave by the 
slicer 604, the bias-reduced received signal rxLPdc is in- 



put into the correlation calculating element 606, and a 
correlation operation is performed on it accompanying 
with the barker code field together with the trailer field 
expected to be received (i.e. the predefined correlation 
signal mentioned above). 
[0063] it W i|| be apparent to one of ordinary skill in the art that 
when performing the correlation operation on two signals 
having a correlation characteristic, and these two signals 
are very close, the value obtained from the correlation op- 
eration increases quickly. Contrarily, if these two signals 
are not close enough, the value obtained from the corre- 
lation operation is relatively small. Therefore, the result 
obtained from the calculation of the correlation calculat- 
ing element 606 is first converted into a positive value by 
the absolute value converter 608, and it is then compared 
with the trailer setting threshold value th setup in advance 
via the comparator 610. When the input positive value is 
greater than or equal to the trailer setting threshold value 
th, the trailer bit enable signal Trailer.EN is output or the 
potential of the trailer bit enabling signal Trailer.EN is ad- 
justed. Therefore, as long as the value obtained from the 
calculation of the correlation calculating element 606 is 
beyond the trailer setting threshold range contained in the 



positive, negative trailer setting threshold value th, the 
trailer bit enabling signal Trailer.EN is used to enable the 
trailer bias estimation unit 62. Contrarily, if the value ob- 
tained from the calculation of the correlation calculating 
element 606 is within the trailer setting threshold range 
contained in the positive, negative trailer setting threshold 
value th, the trailer bit enable signal Trailer.EN cannot en- 
able the trailer bias estimation unit 62. 
[0064] FIG. 7 schematically shows a flow chart of a preferred em- 
bodiment according to the present invention for estimat- 
ing a DC bias of the received signal obtained from sam- 
pling the received packet . The method comprises steps of 
follows. At first, in step S700, the present embodiment 
receives a received signal from outside after it is sampled. 
Then in step S720, a differential operation is performed 
on the received signal, so as to obtain a corresponding 
differential curve. After the value of the differential curve 
is obtained by the differentiation and the noise elimina- 
tion operation is completed, whether the value of the dif- 
ferential curve is beyond the predefined transition setting 
range or not is determined in step S704. If the value of 
the differential curve is beyond the transition setting 
range, step S706 is performed, otherwise, step S712 is 



performed. 

[0065] | n s tep S706, it is determined first that whether the curve 
value before this point is within the transition setting 
range or not, i.e. determining whether this point is a 
starting point of the differential curve beyond the transi- 
tion setting range or not. If the determining result in step 
S706 indicates it is, step S708 is performed to assign this 
point as a transition point and a boundary signal is is- 
sued. Then step S710 is further performed, so as to out- 
put the curve value of this point, such that it can become 
part of the base signal. Contrarily, if the determining re- 
sult in step S706 indicates it is not, step S710 is directly 
performed. When the determining result in step S704 in- 
dicates that the value of the differential curve is within the 
transition setting range, step S712 is performed, so as to 
output the value, which is the previous comparison base 
signal. 

[0066] Then, regardless whether step S710 or S712 is performed 
or not, the flow enters into step S714 to calculate a sam- 
pling number between two boundary signals. The counted 
sampling number is reset to zero each time the boundary 
signal occurs. Then in step S716, it is determined whether 
the counted sampling number is within an allowable range 



or not before it is reset to zero. In other words, it is to de- 
termine whether the sampling number between two 
boundary signals matches a predetermined range or not, 
or to determine whether the time difference between two 
boundary signals matches the time difference required for 
the predefined data bit period or not. If it is determined in 
step S716 that the counted sampling number is beyond or 
below an allowable range before it is reset to zero, the 
operation is not performed. Otherwise, if it is determined 
in step S716 that the counted sampling number is within 
an allowable range before it is reset to zero, step S718 is 
performed to search and obtain a peak of the comparison 
base signal at a corresponding timing. Then in step S722, 
the pattern of the continuously obtained sliced binary 
comparison base signals is compared with the predefined 
preamble pattern, so as to determine whether the pattern 
of the continuously obtained sliced binary comparison 
base signals matches the predefined preamble pattern or 
not. If it is determined in step S722 that they are not 
matched, the operation is not performed. Otherwise, if it 
is determined in step S722 that they are matched, step 
S724 is performed on the received signal corresponding 
to the comparison base signal that matches the prede- 



fined preamble pattern, and calculates an average poten- 
tial of the peak for each bit period of the received signal, 
and finally outputs it as the estimated DC bias. 

[0067] Besides this, in order to handle the estimated DC bias 
more accurately, for the trailer field signal having high 
correlation subsequent to the preamble pattern and the 
access code field such as the bluetooth signal, the present 
invention subtracts the estimated DC bias obtained in step 
S724 from the received signal, so as to obtain the corre- 
sponding bias-reduced received signal. Then, the bias- 
reduced received signal is performed a correlation opera- 
tion accompanying with the predefined correlation signal 
after it is sliced by the slicer, and outputs a trailer bit en- 
abling signal when the value obtained from the correlation 
operation is beyond the trailer setting threshold range. Fi- 
nally, an average value of the received signal is calculated 
according to the trailer bit enabling signal, and the calcu- 
lation result is output as a trailer DC bias. 

[0068] The present invention uses the result obtained from the 
auto-correlation operation of the received signal, whose 
DC bias has been reduced, and the predefined correlation 
signal, to obtain the subsequent trailer field as soon as it 
can. Then, the trailer filed is used to obtain a more accu- 



rate DC bias estimation. 
[0069] Although the invention has been described with reference 
to a particular embodiment thereof, it will be apparent to 
one of ordinary skill in the art that modifications to the 
described embodiment may be made without departing 
from the spirit of the invention. Accordingly, the scope of 
the invention will be defined by the attached claims and 
not by the above detailed description. 



